Historical WHEN a search of the literature is made to discover the original description of a pathological condition, one frequently goes back to relatively early days of medical writings. Oftentimes, it is found that the great Virchow made some observations on the subject. In the literature on intervertebral discs in 1857 he referred to extrusion of cartilage from an intervertebral disc, caused by trauma. However, it was not until March 1911 that Goldthwait, after an unfortunate complication had arisen following manipulation of the spinal column, directed the attention of the medical profession to the importance of intraspinal extrusion of disc tissue with compression of the cauda equina. In July of that same year there appeared in the Glasgow Medical Journal an article by Middleton and Teacher in which they described a case of injury of the spinal cord caused by rupture of an intervertebral disc during muscular effort. Their patient died and the results of a post-mortem examination are recorded. They were able experimentally to reproduce the lesion in another spinal column. In 1922, Dr. Adson of the Mayo Clinic removed a protrusion of the 4th lumbar disc from the spinal canal of a dentist suffering from intractable sciatic pain. That patient, incidentally, has been -well since operation without recurrence of his former trouble. In the same year, Dr. Adson [2] removed a portion of a protruded cervical disc, a report of which he included in a paper on tumours of the spinal cord published in July 1925 .
In 1928, Stookey of New York reported a series of seven cases of protruded cervical intervertebral discs. Dandy of Baltimore in 1929 reported two cases of paraplegia caused by protrusions of lumbar discs and discussed the r6le of trauma in the causation of those particular protrusions. Mixter and Barr of Boston in 1934 reported a series of cases and emphasized the importance of the use of radiopaque oil as a contrast medium within the subarachnoid space in the detection of these lesions.
In August 1936 I [14] gave a prelinminary report on the subject before our w^eekly Clinic Staff Meeting and introduced the title, " Protrusions of the Intervertebral Disc (Fibrocartilage) ". Since that report, several papers dealing with this condition have been written and published by members of the Clinic Staff [15, 17, 18, 19, 21] . To-day in the United States the condition called " protruded intervertebral disc" is OCT. JOINT Dis. No. 8 1 98 recognized as a definite anatomical and pathological condition, and most neurosurgeons to-day have had experience with the lesion. In 1937, Mr. Capener [10] at a meeting of the Section of Orthopaedics of this Society, reported a typical case of lumbar disc protrusion with cuire following laminectomy.
Anatomy of the Intervertebral Disc Bet-een each two vertebree there is a fibrocartilaginous plate or invertebral disc which norimally acts as a shock absorber and which, in conjunction with the cerebro. spinal fluid contained within the spinal dura mater and the arachnoid, acts as a protection for the delicate spinal cord and cauda equina. The intervertebral disc normally occupies the space between each two contiguous vertebral bodies and does not project into the spinal canal. Under conditions of normal stress and strain, the disc may bulge slightly beyond its usual confines, but when the spinal column returns to its normal position, the disc likewise assumes its normal relationship. The anterior an(l posterior longitudinal ligaments support the spinal column and retain the discs. Under circumstances of unusual stress and strain the dise may project abnormallv into the spinal canal, with consequent compression of the spinal cord or one or more of the spinal nerve roots.
An intervertebral disc consists of two separate but more or less intimately connected portions: the nucleus pulposus, which is a very resilient semifluid substance situiated in the central portion of the disc; and an outer, circular fibroelastic structure, the annululs fibrosus. The masses which are productive of symptoms and which are removed with the most gratifying results at the time of laminectomy consist of both elements; thus I introduced the term " protruded intervertebral disc " as the most satisfactory terminology for the condition because it describes both the structures involved and the condition itself. The condition has been discussed as " herniation of the nucleus pulposus", "prolapse of the intervertebral disc "rupture of the intervertebral disc with extrusion of the nucleus pulposus ', andl "slipped disc ". Grossly and microscopically, both nuclear and annular imiaterial are found in the protrusions removed at operation [9] . Incidence According to statistics collecte(d by Dr. Henderson, chief of our orthopaedic section, we of the neurosurgical section of the Mayo Clinic have performed laminectomy for protruded intervertebral disc during the past three years on about 2% of all patients seen by the orthopeedists' because of a complaint of low back andlor sciatic pain. At present it is difficult, if not actually impossible, to state with accuracy the incidence of protrusion of intervertebral discs. In spite of our increased diagnostic acumen and the fact that we are constantly on the alert to discover the condition, we undoubtedly are overlooking some cases having but relatively mild symptoms. In a series of 300 proved cases of protruded intervertebral disc, there were 226 males and 74 females with an average age for the series at operation of 40 years.
In 1922, the year in which the condition of protruded intervertebral disc was first detected, Dr. Adson operated on four such patients at the time of laminectomy to relieve spinal cord and nerve root compression. On the other hand, I have operated on four patients in one morning on more than one occasion. Prior to January 1, 1935, only 122 patients had been operated on at the Clinic for protrusion of an intervertebral disc. This number represented a very small percentage (approximately 2.5%) of the proved intraspinal space-taking lesions. During the year 1938, however, more discs than tumours were removed at laminectomy.
At one of our staff meetings, Dr. Henderson, in discussing the problem of low back and sciatic pain, stated that after a conference with his associates in t'ne orthopwdic section he had calculated that he and his associates were called upon to consult approximately 3,000 patients having such pain each year. When an attempt at calculation is made, it is obvious that in spite of the large series of cases of protruded discs which I am privileged to report, the cases encountered actually account for a very small number of the patients whom we at the Clinic see with low back and sciatic pain. It is true that the number of patients operated on has increased from four in 1922 to 217 during 1938; but even the 1938 figure does not establish protruded intervertebral disc as the cause of most painful conditions of the lower part of the back and lower extremities [19] . If this condition were the principal cause of such pain, many problems connected therewith in orthopaedics, neurology, radiology and neurosurgery could be solved.
.Etiologly
From a study of our cases, the important conclusion emerges that a history of trauma frequently precedes the onset of symptoms. It is true that the patient may not submit himself for careful study and operation immediately after the accident or the occurrence of unusual stress or strain to the back. but a history of pain following injury to the spinal column can usually be elicited. In some cases the patient can recall one outstanding injury, whereas in many instances there have been repeated trauma to the back, usually with aggravation or recurrence of pre-existing pain and disability. It is my feeling (and this has been suggested by others also) that the original injury may have weakened the longitudinal spinal ligaments, and possibly the annulus fibrosus, without the occurrence of a true protrusion of the disc. The actual protrusion of the disc substance, then, into the spinal canal occurs at the time of some subsequent injury which may be less severe than the original one. Possibly as a result of the previous injury, there is in addition to the tearing of structures a degenerative process which facilitates the extrusion of fibrocartilaginous fragments at a later time.
In the case of lumbar protrusions, low back pain, which very frequently antedates the onset of sciatic pain even by many years is, I believe, an expression of injury to the posterior longitudinal ligament and probably also to the annulus fibrosus, without true protrusion of the disc. We all are familiar with the patient with " lumbago ", a complaint which many of our patients with protruded lumbar discs had had for many years prior to the onset of the intractable sciatic pain for which they sought relief by surgery. That there may be and probably are predisposing factors which play a role, I cannot deny.
Occasionally, in eliciting the history of these cases, it is impossible to obtain any knowledge regarding undue stress or strain on the back. Some patients volunteer the information that they were perfectly well until the onset of a head cold, which was followed by pain in the back and down the leg. Whether a metastatic inflammatory process could so weaken a disc as to permit its subsequent protrusion without unusual strain, I am unprepared to say.
What part congenital anomalies, particularly of the bony structure, have to play in this condition is not clear. For instance, it is not unusual to see a protruded lumbar disc in a patient with a sacralized last lumbar vertebra, a lumbarized first sacral vertebra, a spina bifida occulta or a bifid transverse process of the last lumbar vertebra. Likewise, protruded discs have been found in patients with four and with six lumbar vertebrse.
That protrusion of the discs is dependent upon the upright posture, which in many circles has been held to have resulted in our having weak backs, is not true. Dr. Schlotthauer of the Institute of Experimental Medicine of the Mayo Foundation has furnished me with a specimen of a typical disc protrusion which had resulted in a paralysis of the hind legs and the vesical and anal sphincters of a dog. Dr. Schlotthauer, in examining the dog prior to death and autopsy, detected increased tendon reflexes and diminished sensation in the hind legs and he thereupon made a clinical diagnosis of intraspinal tumour.
Pathology
From a study of 100 protruded discs which were removed operatively by the neurosurgeons at the Cliniic, IDeucher and I were able to distinguish grossly two different types of posterior protrusions of the discs. Although when exposed, the protrusion in situ is seen to be hemispherical or oval in shape, it loses this shape when the involved nerve root is retracted or wNhen the stretched-out posterior longitudinal ligament is incised. In some cases, simple retraction of the involved root permits escape of the entire protrusion which can be lifted from the wound with a forceps. In other cases, the longitudinal ligament is stretched over the top of the protrusion, which cannot be removed until the ligament is incised. The protrusion may consist of a single fragment of variable size (the severity of symptoms is not dependent on the size of the fragment but upon the relationship of the protrusion to the spinal cord or nerve root) or many fragments. The consistency of the fragments varies markedly also from that known as soft " wet, rolled-up blotting paper " to that of bony hardness. The denser, firmer portions consist mainly of annular substance, whereas the softer portions represent nuclear substance. In some instances, there are small, shiny, pointed processes which extend deep into the disc.
The intravertebral prolapses of the disc and the posterior protrusions which are not infrequent findings at autopsy and which may not have given rise to symptoms during life, have been reported [4, 51 to be composed chiefly, if not exclusively, of nuclear substance. In our surgical material there was not a single instance in which annular parts of the disc were not also present. Remnants of notochordal tissue were found in numerous cases. The fcetal notochord is generally accepted as being represented only in the nucleus pulposus and it is rarely that notochordal cells may be found in the annulus fibrosus also.
From our comprehensive pathological-anatomical study we concluded that:
(1) Posterior protrusions of the intervertebral discs causing clinical symptoms which lead to operation are composed of all parts found in the normal unprotruded intervertebral disc; the annulus fibrosus, including its outer parts, and the nucleus pulposus, with its occasional remnants of the embryonic notochord.
(2) The tissue of the intervertebral disc is almost invariably altered in the protrusion. The most common and constant changes in it consist of structural alterations of the normal architecture of the disc. Spinal Fluid Every patient suspected of having an intraspinal lesion should undergo diagnostic lumbar puncture with the Queckenstedt test, and an examination of a suitable quantity of spinal fluid should be made. The needle should be introduced at as low a point as possible in the lumbar region of the spinal column, usually between the last lumbar and the first sacral vertebrse. It is important to introduce the needle at a point sufficiently low in the spinal canal to ensure its entry below the position of a lesion which may be present, particularly since most protruded intervertebral discs occur at the 4th and 5th lumbar interspaces [14] (fig. 1 ). Protruded discs in the lumbar region rarely give evidence of spinal subarachnoid block at lumbar puncture. Such a block is much more likely to be found in the presence of cervical and thoracic protrusions than it is in those of the lumbar region. Num-ber' of pr'Otr'1udQd disks FIG. 1.-Diagram of a median section of the normal spinal column with an indication of the interspaces and the numbers of, and relative incidence in, protruded intervertebral discs which occurred in consecutive series of 300 patients subj ected to laminectomy at the Mayo Clinic for protruded intervertebral discs.
Difficulties may be encountered if an attempt is made to introduce the needle into the interspace at which the protrusion has occurred. The procedure may be so painful to the patient that it will not be tolerated, or the end of the needle may strike the protrusion so that no fluid can be obtained. While searching for a means to obviate such difficulties, I discovered a procedure which I have chosen to call the "reversed Queckenstedt test" [14] . As already stated, lumbar protrusions rarely produce a subarachnoid block, hence this test should not be expected to indicate the presence of a block, but the production or exaggeration of the pain to a marked degree during performance of the test is indicative of nerve root compression. The test is simple; it consists of a combination of the ordinary diagnostic lumbar puncture with manometric recordings, and the epidural injection of a solution through the sacral hiatus. Procaine hydrochloride (1%) in OCT.-JOINT Dis. No. 8-3* The diagnosis of protrusions into the spinal canal using radiopaquie oil consists of the fluoroscopic and roentgenographic demonstration of persistent defects in the column, delineated by the radiopaque oil. The defects are characteristic of an extradural lesion, are usually lateral, and are opposite the intervertebral space [6] .
The routine use of 5 c.e of radiopaque oil is recommended in order to detect the smaller lesions. The oil is injected by the neurosurgeon only in carefullv selected cases and the roentgenological examination is performed immediately by the roentgenologist. The indiscriminate use of radiopaquie oil is to be avoided and its use in the presence of an inflammatorv lesion is contra-indicated.
It is my practice to inject the radiopaque oil through an ordinary needle designed for lumbar puncture, introduced into the lumbar subarachnoid space betweene the spinous processes of the 3rd and 4th lumbar vertebra;. The spaces between the 4th and 5th lumbar and 5th lumbar and 1st sa cral vertebra_e are avoided because of the great frequency with which protrusions occur at these levels. If the needle is introduced at the site of the protrusion, severe pain may result and there is a greater chance of the radiopaque oil escaping into the epidural space. The latter occurrence will not permit of a satisfactory examination and a false positive diagnosis may be obtained. The cisternal injection of radiopaque oil is hazardous and is therefore juistified only when fluiid cannot be obtained fromi the lumbar region of the canal.
Examination of the spinal canal with air as the contrast medium is dependent uporn replacement of the cerebrospinal fluid with air and the making of lateral and anteroposterior roentgenograms [28] . With the patient on a tilting X-ray table in the lateral recumbent position, a spinal puncture needle is introduced between the spinous processes of the 1st and 2nd lumbar vertebree. The head of the patient is then lowered to an angle of 40Q bv tilting the table. The patient is held in place by means of shoulder rests. The fluid in the caudal sac is then fractionallv replaced by air injected with a Luer syringe. Ordinarily, 30 to 50 c.c. of air will fill the lumbar sac. A lateral roentgenogram of the lumbar spine is made, then the patient is turned on his back and stereoscopic anteroposterior films are exposed. Air has the distinct advantage of being more or less rapidly absorbed; however, the margin of error is much grea,ter than it is with the use of radiopaque oil. It is our hope that someone will be able to prepare a substance that will give the same or an even greater degree of accuracy than that obtained from the use of radiopaque oil and which will yet be rapidly absorbed from the subarachnoid space ( fig. 3 a and b) .
Treatment of Protruded Intervertebral Disc
The curative treatment of protrusion of an intervertebral disc is the surgical removal of the fragmented and protruded portion of that disc through a laminectomy wound.1 If the protrusion is in the cervical or thoracic portion of the spinal canal and definite evidence of spinal cord compression is at hand, the operation should not be delayed. If the lesion occurs in the lumbar region and the only untoward symptom is mild pain, palliative measures may be employed with the hope that the symptoms will remit. Often, rest in bed will suffice to give relief from an acute mild attack of pain. If there is definite evidence of interruption of nerve pathways, then it is my feeling that surgical intervention should be undertaken without delay.
The question is often asked, especially by orthopaedic surgeons, " What happened to these patients (with protruded lumbar disc) in the past, before laminectomy with removal of the protrusion became such a common practice ? " In all fairness, we must assume that some patients suffering from protruded discs must have been relieved by orthopaedic measures. Also, we must admit that orthopaedic treatment not infrequently failed to result in relief. We need only recall the important paper of Goldthwait to become aware of the possible danger of some measures which have been used rather freely in the treatment of low back and sciatic pain. At the Clinlic we had a very unfortunate and entirely inforeseen complication arise following a fusion operation in the lumbosacral region for low back and sciatic pain. That patient suffered a paraplegia within twenty-four hours as a result of further protrusion of fragments from a lumbosacral disc. That patient was operated on at a time when our experience with protruded discs was small.
It can be assumed, I believe, that in the past some patients with protruded intervertebral discs have been relieved of their low back and sciatic pain by the operation for bone graft. The satisfactory result can be appreciated on the basis of our knowledge of the lesion itself. It is logical to assume that if a patient is kept in bed at rest for from six to eight weeks and if the interspace at which the protrusion has occurred is splinted bv a graft, the protrusion may cure itself by undergoing fibrosis and contraction. Even if this method of treatment could be relied upon, there is much to be said against its general adoption. The 1% of procaine hydrochloride) but when elevation of the involved nerve root was attempted in order to remove the protrusion, it was necessary to ana'sthetize the patient by the intravenous injection of a solution of pentothal sodium.
The operation for the less common protrusions in the cervical and thoracic regions is of necessity technically different from the operation for protrusions in the lumbar region. In the cervical region not only the situation of the protruded disc itself, but if possible, the side to which it has protruded, should be determined before operation. Whenever possible, unilateral laminectomy is the operation of choice in this region because of the normally free range of motion [3] . The laminectomy should consist in the removal of at least two laminae on the side of protrusion so that trauma to the cord may be avoided during removal of the protrusion. The Sectton of Orthoptdics and Section of Neurology fragments may be removed extradurally or it may be easier to remove them transdurally, a decision which cannot always be made before exposure of the lesion. Division of the teeth of the (dentate ligament here and in the thoracic region also facilitates rotation of the spinal cord and thus aids in exposure of the disc [19] .
In the thoracic region, a bilateral laminectomy upon the two vertebre adjoining the protrusion is the operation of choice. In the lumbar region, because of the structural nature of the cauda equiina and its consequent greater freedom of motion, the laminectomy has been modified considerably. In this operation only one spinous process or a portion of the two adjacent processes is removed. Only one pair of laminae is removed and often only a portion of the lamini is removed, so that not even one neuiral arch is interrupted (fig. 4) . The articular facets are preserved in all regions. The ligamentum flavum which bridges the space betweenl the laminaz of adjacent vertebrae has become thickened in the vast majority of cases of protruded disc and it must be resected before the involved nerve root can be seen. A wide resection of the hypertrophied ligamentum flavum permits the introduction of a small nerve root retractor [161 and when the oedematous nerve root is retracted toward the mid-line, the protruded portion of the disc is exposed ( fig. 5 a and b) . In many cases, as soon as the nerve root is withdrawn from the protrusion, the fragment or fragments of cartilage are seen to be lying free, so that they may be grasped easily with a bayonet forceps. In other cases, the protrusions will be seen to be confined by a capsule-like bulge formed bv the stretching of the posterior longitudinal ligament, which is abnormally thin over the dome of the protrusion. The introduction of a pointed forceps or incision with a uireteral knife will permit escape of the fragmented cartilage. As the fragments emerge they tend to elongate and as they fig. 5 . The dark fragment in the lower right hand corner is the hypertrophied ligament. The remaining tissue represents multiple fragments of fibrocartilage which were protruded from the disc.
The technique just described is the extradural approach usually employed. Rarely in mid-line protrusions may a transdural approach be employed. The most troublesonme factor encountered in removing disc protrusions is haemorrhage from the extradural vessels, principally the veins. A small stril) of cottonoid applied to each side of the protrusion while it is being removed will usually control the bleeding.
It is advisable to leave the meninges unopened while removing the protrusion. There are three good reasons for this: (1) There is less bleeding, because of the hydrostatic effect of the cerebrospinal fluid in maintaining approximation of the dural and epidural tissues; (2) When the protrusion has been removed, the meninges are opened for the removal of the radiopaque oil, if it has been employed in the diagnosis of the lesion. If air has been used or if the patient has been operated on without the use of contrast inedium, the meninges are left intact and the wound is closed. Occasionally. it is necessary to leave a short strip of plain one-inch gauze in position extradurally to control venous oozing. If gauze is used it should be left in place for seventytwo hours. A solution of pentothal sodium injected intravenously perinits painless removal of the gauze while the patient is in bed.
It is my feeling that the placing of a bone graft at the time of laminectomy for protruded disc is rarely necessary or even justified. In more than 300 laminectomies performed for correction of protruded intervertebral disc, bone grafting has been done only seven times. In these seven instances the operation was combined with laminectomy because of opinions formulated after consultation between the neurosurgeon and orthopaedist, and also because either the patient had an obviously weak back prior to laminectomy or the observations at laminectomy seemed inadequate to explain all the symptoms.
Post-operative Care
The development of the method of post-operative care for patients who have undergone laminectomy for the removal of a protruded disc is interesting.
I have felt from the outset that the operation for bone graft or fusion was not only not indicated in cases in which a protrusion of the disc with encroachment on a nerve root or the spinal cordmas demonstrated at the time of laminectomy, but that it would of necessity increase the operative risk, the danger of post-operative complications and necessitate a prolonged hospitalization, a severe drain on the patient's finances and a prolonged period of convalescence after leaving the hospital. Our results fully justify this contention.
Since the day Sir Victor Horsley first successfully removed a tumour of the spinal cord, ithas not beeui considered necessary or Mwise to conclude the laminectomv and removxal of a tumouir with a bone graft.
Although it is just as essential in most cases to remove the protruded portion of the disc as it is to remove an intraspinal meningioma (a meningioma is of course a neoplasm and as such differs from a disc protrusion, which may enlarge but not by actual neoplasia), the entire intervertebral disc is never removed. We believe that removal of the protruded portion of the disc does not weaken the back (see section on technique of removal of protruded discs) and that therefore no additional support is necessary.
With my early cases the post-operative care varied widely from what it is at present. The early cases, of course, were suibjected to a much longer laminectomy than the more recent ones, but from the outset it has been my practice to preserve the articular facets. In the early series it was customary to remove at least two spinous processes and two and often three pairs of lamine. The patients were placed in bed on rolled pillows andwere not allowed to move themselves until a period of from twelve to fourteen days following operation had passed. They were turned by the nulrsing staff everv four hours and were never allowed to lie on their backs. Many of these patients were very uncomfortable, required relatively large amounts of hypnoties, and looked forward with keen anticipation to the turning time. Many were unable to void, so that intermittent or continuous drainage of the urinary bladder by catheter was necessary. From my orthopa-dic training I learned that people with sore backs often felt much better if they lay on a hard, non-yielding bed. This helped to a certain extent. Use of rolled pillows was gradually discontinued. Beginning, first, at about the eighth or tenth post-operative day, the patients were allowed to turn themselves in bed. This period was graduallv shortened until at present the patients are encouraged to turn about in bed, to lie on their abdomens and to exercise their legs and arms. This practice has resulted in less post-operative discomfort, has tremendously simplified the nursing problem, and has had a profound stimulating effect upon the patient's morale. Most patients now leave the hospital on the tenth to twelfth post-operative day. When they are dismissed from the hospital their general physical condition is better and the convalescence is shortened.
Since many patients are unable to void lying in bed, particularly after the cauda equina has been manipulated, as is necessary in the removal of some lumbar protrusions, the problem of catheterization and infection of the urinary tract arises. Earlier, we employed intermittent catheterization for two or tbree days for those unable to void. If voluntary urination did not then occur we placed an inlying urethral catheter for continuous drainage. As a prophylactic method against infection we used irrigations of the bladder witb boric acid solution twice daily and administered methenamine and ammonium chloride by mouth. In spite of these measures we occasionally encountered chills and fever with malaise and pyuria caused bv infection of the bladder. Also, the ingestion of ammonium chloride is likelv to produce gastric dlistress, which is a much undesired complication.
More recently we have been allowing the male patients unable to void in bed to stand up beside the bed and use the urinal the morning following operation. The women are taken to the bathroom. One very intelligent woman told me that her back felt sore after sitting on the stool. I suggested that she remain in bed and be catheterized, whereupon she replied that the soreness in the back did not cause as much discomfort as the passage of the catheter. She continued to use the bathroom, to which, five days after operation, she was going unattended. Ten days after her laminectomy she was making her post-operative calls at the office entirely free of her pre-viously intractable sciatic pain of several years' duration.
The early cases frequently were fitted at our request by the orthopaedic surgeons with belts and corsets, but this measure was soon discontinued as our experience accumulated. To-day the patients are dismissed without our placing even a gauze dressing over the wound. They are advised to refrain from any heavy lifting or strainingf for a period of three months after dismissal. At the expiration of this time, they are not only permitted but are encouraged to resume their former activities. If a patient happens to be a day labourer he is advised to return gradually to his heavy duties.
Results of Operation for Protruded Discs There has been only one death in the hospital in more than 300 laminectomies performed for protruded intervertebral disc. That death occurred in the first 100 cases reported in the Journal of the American Medical Association [20] , and was caused by a combination of contamination of the wound and bronchopneumonia.
The removal of a classic protrusion of a disc whose displacement has resulted in compression of the spinal cord or a nerve root usually results in complete relief of the patient's symptoms. If severe damage has been caused by the protrusion, residual symptoms and signs may persist, just as such symptoms and signs persist after the surgical removal of tumours of the spinal cord. We have come to recognize certain atypical or nonclassic protrusions, the surgical treatment of which does not produce the same excellent results as are obtained from the surgical treatment of typical protrusions. There is a type of disc abnormality which results in a posterior bulge with encroachment upon the spinal canal and its contents. The bulging occurs most often in the mid-line and is best illustrated by the cases in which a mass of tissue projects posteriorly into the spinal canal from each lumbar disc. This lesion differs markedly from the classic single protrusion and often the surgical treatment of it consists in an operation for relief of compression rather than removal of the projecting cartilage. Although I have had three such patients who obtained complete relief from their nerve root pain following an operation for decompression, there are one or two others w%ho still have residuial back pain and are unable to do hard manual labour.
Occasionally, such a lesion will be encountered in the thoracic region of the spinal coluimn. In the thoracic region, however, we have not seen the multiple type of lesion. This mass of tissue is usually situated in the mid-line and is bony hard.
Palpation of the mass with a forceps will distinguish it from the characteristically resilient mass of the protrusion usually encountered. Because of its relationship to the cord and the difficuilty which it presents in removal, it has seemed best thoroughly to decompress the cord at that level and to divide the dentate ligament bilaterally in order to permit the spinal cord to move away from the mass and to avoid compression. Sluch an operation has resulted in relief of paraplegia in a, man aged 73.
If such a lesion is encountered at only one interspace in the lumbar region, it is removed with a rongeiir.
One of the most striking things in medicine is to be seen in the wards the day following the removal of a protruded disc w-hen one observes that a pinched facial expression duie to pain has been replaced iwith a, smile and the patient volunteers that all his pain has disappeared since operation. Nothing short of the relief obtained from division of the sensory root of the gasserian ganglion in ca,ses of trigeminal neuralgia compares wTith it. All patieints are not immediately relieved. Some continue to have slight distress for several days. This probably is related in some way to the amount of injury which has been caused by the protrusion. Most of our patients have been operated upon too recently for us to judge accurately what the late result will be. We know, however, that patients who w%vere operated on as long ago as 1922 have since remained w-ell. Summarnry Intraspinal protrusion of intervertebral discs is a definite pathological entity.
It accounts for many cases of hitherto unexplained intractable pain and especialiy that pain occurring in the low back and sciatic distribution.
There is a fairly definite clinical symptom-complex which in many cases will permit an accurate diagnosis without the use of a contrast medium in the spinal canal. However, at present it is deemed advisable to employ a contrast medium in the majority of cases.
When the diagnosis of protruded intervertebral disc has been made, laminectomy with removal of the protruded portion of the disc should be performed, provided the patient is in sufficient distress to warrant a period of two w%eeks' hospitalization.
The resuilts of this treatment in more than 300 cases justify the method.
result from prolapse of an intervertebral disc divide themselves into two groups. One is that of compression of the spinal cord or cauda equina, the other is that of intractable sciatica. At one point-that of the cauda equina-there is an obvious overlap.
Of the first group we have had some experience. I have, for purposes of this discussion, looked through the records of 22 cases in each of which the prolapsed disc has been removed at operation and the histological diagnosis made by Dr. Greenfield.
Seven of these patients have been under my own care. For permission to study the others I am indebted to my colleagues at the National Hospital.
There were fifteen instances of compression of the spinal cord in this series and seven of the cauda equina. Among the spinal cord cases the compression was at the cervical level in eight instances, the dorsal level in six, and the lumbosacral level in one. These observations as to the frequency of prolapsed discs at different levels correspond closely with those published by the earlier writers on the subject.'
In reviewing the material provided by these 22 In the present series, seven of the 15 patients showed posterior column defect.
These were mostly cases in which the compression had reached a severe degree. In the early stages the picture of spastic meakness on one side of the body and loss of sensation to pain and temperature on the other mithout posterior column defect on either side was common, buit in one of the cervical cases an ipsilateral defect of postural and vibration sense in the hand was one of the earliest findings, and in another there was a complete Brown-Sequard picture including' posterior column loss on the side of the lesion. We are accustomed to these variations in cases of spinal tumour and have learned to be cautious in outr attempts to deduce from the clinical signs the exact point of its eircumference at which the cord is compressed. On the whole, howrever, the sequence of events in these cases of prolapsed disc is that which we should expect from anterior compression. The one case in the series in which the lumbosacral enlargement was compressed by a prolapsed disc between the last dorsal and first lumbar vertebra provided the best example of this clinical picture. There was a severe degree of paraplegia with wasting of the anterior thigh muscles, absent left knee-jerk, brisk ankle-jerks, extensor plantar responses, and loss of sphincter control, with only a patchy hypalgesia of the lower limbs.
In the seven patients with discs compressing the cauda equina the clinical picture was that usually found in tumours at this level, varying only in the degree of motor, sensory, and reflex loss. In one case the symptoms were purely subjective. The history was that of intermittent pain in the lower back for three years and for three months pain in both buttocks radiating down the back of the thighs. Following a manipulation, difficulty in micturition had been experienced for three weeks.
There were no abnormal physical signs but the spinal fluid contained 260 mgm. of protein and a prolapsed disc was removed from between the 4th and 5th lumbar vertebroe.
In one other patient of the cauda equina group numbness of the saddle area and impairment of sphincter control immediately followed manipulation.
In four cases, all in the dorsal region, the X-ray examination showed calcification in the prolapsed disc making the pre-operative diagnosis certain.
Queckenstedt's test was performed in 19, cases. Six showed a complete block; 10 a partial block; and three no block. The cases in which there was no block were all in the cauda equina group, the puncture being above the level of compression. In each of these cases, however, the protein content was raised.
The protein content of the fluid was estimated in 20 cases. In two only was it within normal limits. Both cases were in the cervical group; both showed partial block with Queckenstedt's test, and in both there was subsequently shown an arrest of lipiodol at the appropriate level. This is in accord with our experience of compression at the cervical level from other causes, i.e. the protein content may be low in relation to the evidence of block shown by manometry and lipiodol injection.
In the other cases of the series the protein content varied from 90 to 4,000 mgm., the highest figures being found in the cauda equina group when fluid was obtained from below the level of compression.
Lipiodol was injected in eight cases and in each instance was arrested at the appropriate level. In the remainder, the clinical signs provided sufficient evidence of localization.
The evidence obtained from lumbar puncture and lipiodol, therefore, is such as we are accustomed to find in cases of compression of the spinal cord or cauda equina by tumour.
From my review of this material I must conclude that the clinical evidence in each case suggested compression, but in only one instance, that of the patient whose first symptoms occurred after lifting a heavy weight, was there anything to suggest a prolapsed disc as the cause. In four cases the X-ray provided the pathological diagnosis by revealing a calcified nodule arising from the disc. In the remainder, after full investigation, the cause of compression remained doubtful and might as well have been tumour as disc.
We must not, of course, lose sight of the possibility that in the routine investigation of our patients suspected of compression lesions we have been allowing some of those with prolapsed intervertebral discs to slip through. This is the impression conveyed by Elsberg who, when he began to look for them carefully, found prolapsed discs much commoner than he had supposed. He concluded that of all causes of compression the prolapsed disc is most apt to cause symptoms without evidence of subarachnoid block. If we add to this conclusion the observation that the symptoms may sometimes recede or may remain stationary over a long period, we must admit that the differential diagnosis from disseminated sclerosis may be a matter of difficulty. Many patients with disseminated sclerosis, as we know, begin with a gradually progressive spastic weakness of the lower limbs, which may remit, or remain stationary for years, before other evidence of the disease appears. It is part of our daily routine to distinguish these patients from those whose syinptoms are due to compression by spinal tumour. If the routine tests for subarachnoid block are negative and the subsequent course of the disease is non-progressive we are ready to accept the diagnosis of disseminated sclerosis. May some of these patients in fact have prolapsed discs ? Ought we to ask for an exploratory laminectomy more often in this group with the possibility of prolapsed disc in mind even though evidence of subarachnoid block remains absent ? These are questions which I shouild like to hear discussed by other neurologists present.
In two of the seven cases of cauda equina compression which I have reviewed, the early story was that of a persistent sciatica that is to say, pain in the posterior thigh and postero-lateral calf. In one case these symptoms persisted for three years and in the other for four and a half years before numbness of the perineum and impaired sphincter control provided indubitable evidence of a central lesion. It was not until these symptoms developed that the patient was sent for a neuirological opinion. Buit it may be safely assumed that if the neurologist had been consulted sooner the suspicion of cauda equina tumour would have entered his mind, as it must always do in a case of sciatica persisting as long as a year. This suspicion would at any rate have led to a lumbar puncture and if the protein content of the spinal fluid were found grossly raised this would have been followed by lipiodol injection. Whether This brings me to my first point. Whenever we hear of a plethora of cures for a disease we may be pretty certain that it is a disease which tends to get well by itself, and that this is true of sciatica no one would dispute. It is a truth which w-as conveyed to me at an impressionable moment by one of the wisest of all my clinical teachers, Sir William Hale-White, when I was his house physician. We were going round together on the first day of my appointment and the first patient we came to was a man with sciatica. As we passed on to the next bed Sir William remarked to me " you will find that the best time to be called to a case of sciatica is when the pactient is beginning to get well ". Now it surely is true that the great majority of patients with sciatica-w-e might say loosely ninety-nine out of a hundred-do get well in the end whatever is done or left undone: more rapidly I think with rest and warmth in the early stages and massage and exercises later, than if they are suibjected to manipulative treatment or the ordeal of frequent journeys to a clinic for some form of radiant heat. Now the question which naturally arises out of the present discussion is how many patients whose sciatica has been due to a prolapsed disc of course unrecognized have in the past recovered with rest alone ?
When I consider the clinical story which is regarded by some writers as characteristic of prolapsed disc, it sounds to me very familiar. It is the story of one or more attacks of acute lumbago-a sudden immobilizing pain in the lower back when rising from the stooping posture, with recovery after a few days rest, and finally a similar attack Nhich is followed immediately or after an interval by the development of sciatica. This is a story which we have heard from scores of patients whom we have seen recover with rest and warmth alone.
Nor, as far as I can judge, is there anything to be found in the clinical examination of those patients whose sciatica has ultimately been proved due to a prolapsed disc, which is different from the signs ordinarily to be observed in patients who get well without surgical interference.
There remains the question of the protein content in the spinal fluid. An increase of protein has been taken by writers on the subject of prolapsed disc as a definite indication for massive lipiodol injection. I am not clear in what proportion of the cases with increased protein the lipiodol has revealed a filling defect and a prolapsed disc has been found, or what irritant effects the lipiodol may have caused in negative cases-these are questions upon which I shotuld like information. The fact which has interested me is that in most of the cases of unilateral sciatica proved to be due to prolapsed disc, the increase of protein has been relatively small. Mixter and Ayer found it between 56 mgm. and 91 mgm. in fluid obtained from above the lesion, and Barr found it in 85% of his cases between 40 mgm. and 100 mgm. These are figures which in neurological practice we have seen so often in cases of sciatica without any clinical evidence of cauda equina lesion, and ending in complete recovery when treated bv rest, that we have accustomed ourselves to the view that in any case of long-standing sciatica the protein may be raised to this extent. It may well be that we have been blind for want of looking, and that if we had injected 5 c.c. of lipiodol into all these patients with a rise of protein, we should have seen prolapsed discs in many of them perhaps in all. If so our blindness fortunately did not prevent recovery.
I am le(d from these considerations to suppose that if prolapsed intervertebral (lisc is anything buit a very rare cause of sciatica, it is a lesion which is in most cases capable of spontaneous repair.
It may well be some time before we are able to make the best practical use of this new contribution to our knowledge. At present there are questions to be answered.
The folloNwing are in mny own mind.
( The lateral view has been found to be misleading, as there is a tendency for some lipiodol on the normal side to be thrown over the protrusion.
It has also been noted that the normal disc can indent the lipiodol to a marked extent in the mid-dorsal region in kyphosis, particularly in adolescent kvphosis.
Abnormal Appearances
Within the last few months, there have been three patients with a peculiar defect in the column of lipiodol. The appearance on the film resembles a string of sausages, and we have been most anxious to discover the significance of this finding.
A similar appearance has been described in the literature as due to multiple herniations, arachnoiditis, arachnoiditis plus multiple herniations, and von Recklinghausen's disease. These filling defects were most constant, and caused considerable delay in the passage of the lipiodol. Two of these patients refused operation. The third was to have been operated on some months ago. In this case, the defect was present in the lower dorsal spine. The operation was delayed by factors which had no bearing on the patient, and she subsequently improved to such an extent that the operation was no longer justified. She was a young girl, suffering from spastic weakness of both legs, and she is now walking very well.
Relative Use in Different Regions
It has often appeared to me that the radiographic examination of the dorsal and cervical regions is much less satisfactory than that of the lumbar spine. The column of lipiodol tends to become thin in this region, and possibly some protrusions are being overlooked. Neither are the illustrations of these lesions which appear in the literature very impressive.
Patients are continually being sent for X-ray examination for ? cervical rib, or for some examination to determine the cause of pain in the upper limbs. One cannot help wondering whether protrusions are not being missed in the region of the cervical enlargement of the cord. In this connexion it should be remembered that Andrae s post-mortem findings showed that the lumbar region was not the most frequent site of protrusions of the disc.
Dr. J. MacDonald Holmes: My personal experience of these lesions is limited to two cases. The first was up to that time the only one in which I had injected a large amount of iodized oil into the theca in an attempt to demonstrate a disc protrusion, but I have since reviewed 37 cases of chronic sciatica seen during the past year or so, of which I selected four for iodized oil injection, mainly because there was a history of injury and a poor response to treatment. The special radiography of these four cases failed to reveal any disc lesion.
My first case was a miner, aged 58, who complained of left sciatic pain of seven months' duration. There was much wasting of the left thigh and calf, an absent left ankle-jerk, and Lasegue's sign was present. In addition there was some slight sensory impairment in the back of the left leg in the 1st and 2nd sacral distribution. He gave a history of injury to his back twelve years ago, when he was seized with a sudden severe pain in the lower lumbar region when lifting a heavy tub in the mine. He was off work for about a month owing to pain in the back, but had no further trouble until the onset of the sciatica seven months ago. Antero-posterior and lateral radiograms taken in the prone position after the injection of 6 c.c. of iodized oil (non-viscous " neohydriol ") show%ed a definite filling defect opposite the 5th lumbar intervertebral disc (see fig. 1 ).
My surgical colleague Mr. B. R. Sworn performed a laminectomy on February 14, 1939 , and removed a loose piece of fibrocartilage from the position in which the filling defect is visible in the radiograms, abutting against the left 5th lumbar nerve root. In view of what has been said about the innocuousness of iodized oil when allowed to remain in the theca, it is interesting to note that this patient developed a severe meningeal reaction twenty-four hours after operation, with headache, neck rigidity and pyrexia. Cisternal puncture revealed a turbid cerebrospinal fluid containing 4,000 polymorph cells per c.mm., but it was sterile on culture. I attribute these meningeal symptoms to irritation from the iodized oil, which, owing to the position of the patient on the operating table and later tilting of the foot of the bed, had trickled upwards to the cervical region and the posterior fossa. Apart from this meningeal reaction recovery was uneventful, and the patient is now entirely free from pain, and is able to walk about in a normal way.
The cerebrospinal fluid of this case before operation contained 55 mgm. % of protein, butt was otherwise normal. It was taken from above the level of the lesion, and there were no manometric changes.
My second patient was a woman aged 28 who had had three Caesarian sections owing to a severe scarring of the vulva and abdominal wall as a result of burns in childhood. The last Caesarian operation was done under spinal anesthesia two years ago, and since that time the patient has had severe intermittent bilateral sciatic pain, brought on particularly by sudden movements such as stooping or turning over in bed, and also by coughing. The only physical signs were slight peri-anal sensory impairment and Lasegue's sign. Radiograms taken in the prone position after the injection of 5 c.c. of neohydriol showed a constriction of the lumbar theca at the level of the 4th lumbar disc (8ee fig. 2 ).
The protein content of the cerebrospinal fluid was 80 mgm.°,, but it was otherwise normal.
Mr. Sworn performed a laminectomy on this case on March 29, 1939, and found a much thickened ligamentum flavum opposite the 4th lumbar disc, which was constricting the theca. The thickened portion of ligament was excised, and it was found that there was a protrusion of the posterior common ligament into the spinal canal at the same level, presumably due to herniation of the disc, but as the ligament was not ruptured, this protrusion was left undisturbed. It was considered that the theca was sufficiently freed from compression by the laminectomy Proceedings of the Royal Society of Medtcine and excision of the thickened ligamentuim flavum. Recovery has been uneventful, and the patient is now entirely free from pain. It is almost certain that the disc lesioni in this case was due to the lumbar puncture use(d for the spinal anesthetic.
Mr. Bankart said that he had operated upon four cases of prolapsed intervertebral disc. In two cases the disc between L.V.4-5 was affected, and in two the lumbosacral disc was prolapsed. Three of the four cases gave a definite history of studden strain immediately preceding the onset of symptoms. In only one case w8,as the protein content of the cerebrospinal fluid raised. In one case there was a uniform projection of the disc right across the anterior wall of the spinal canal, and the lipiodol was held up immediately above the projection. This disc was not removed and the patient was cured by the laminectomy. In each of the other three cases a filling defect was seen on examination with lipiodol, and a localized protrusion of the disc was found and removed. All the patients made a rapid and complete recovery.
Mr. Robert Ollerenshaw (President of Orthopaedic Section): I was glad to find that both Dr. Love and Dr. Symonds referred to the value of conservative treatment in these cases. The very large number of cases at the Mayo clinic, however, in which definitely protruded discs were found, must make us all realize that a good many of our " chronic back " cases are probably suffering from this condition and that we must make a complete and very careful search amongst them. The large proportion of positive findings, in which there was a clear history of a sudden pain in the back during overstrain is very striking. Obviously the cases we, in the orthop~edic departments, must suspect are those which have
(1) A history of sudden back-pain w-hilst straining.
(2) Definite localized back-pain, with radiation down the back of the thigh to the leg and foot (root pain). The medico-legal cases are the most difficult. Since it is generallv accepted that disc protrusions are traumatic the eompensation factor may cloud the issue considerably. Not onlv is the quiestion of liability important in the diagnosis of protruded intervertebral discs but also in the evaluation of the results of therapy. No matter how pleasant a convalescence the patient may have, he may volunteer that he has not been completely relieved. This is likely to occur if the patient feels that he is entitled to compensation or insurance and is not able to obtain it. There are also individuals who constitutionally withstand the trials of life poorly, and they are prone to suffer with minor complaints after being relieved of a more or less serious condition. Of course, these same difficulties are encountered in evaluating the results of therapy in other conditions, but the patient with backache and " sciatica " seems to present a particularly difficult problem.
Our results with laminectomy and the removal of the fragmented anid protruded portion of the intervertebral disc causing spinal cord or nerve root pressure have been most gratifying, and it is my feeling that this will become generally recognized as the treatment of choice. Adson, Craig and I have performed laminectomy 417 times for disc protrusions with one death. This should not, however, be taken to indicate that laminectomv is a minor procedure.
